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Use Temperature & 
Oxidation Resistance 



“Hot” Topics in 

Propulsion/Air Force Materials 

POSS Nanostructured Polvmers 

f' ,j! 

J ! 

• High Temperature Insulation for Solid Rocket^ 
Motors 

• Capacitors 

»High Temperature/Lightweight Jet Canopies 

• Space-survivable Materials and Coatings 

• Low/High Temp. Hybrid Lubricants 

• Plastic Tubing and Ducting for Liquid Racket^ 
Engines 

1 • High Temperature/High Translation Strength 

I Composites 

• Improved Radome Materials 

1-—-—-— 

_______1 


Multiple Applicationsi 
Multi-Function 



• Improve High Performance Polymers 

• Transform Commodity Polymers into High performance Polymers 

• Develop Multi-Functional Materials 












POSS Feedstocks 
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POSS Monomers 
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• R = Cyclohexyl, t = 3-36 (48 months) 

• R = Cyclopentyl, t = 11 days! 

• No other incompletely condensed silsesquioxanes 


Existing POSS-Polymers: 
Structure/Property Relationships 




R - Cp, Cy, /-Du 



R = Cy, Cp, i-Du, El 










Property Enhancements via POSS 


Observed in POSS-Copolymers and Blends 


increased T q 



lower density 


disposal 
as silica 


increased T dec 


extended 
temperature range 


increased 

oxygen permeability 


lower thermal 
conductivity 


thermoplastic 
or curable 


enhanced blend 
miscibility 


oxidation 

resistance 


altered 

mechanicals 


reduced 

viscosity 
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6.2 (IHPRPT): Solid Rocket Motor 
Insulation 


Case Insulation 




mmmmm 



Goal: 50% Lower Erosion of Insulation (44 % weight reduction, 
7.4% booster payload increase) - Phase III IHPRPT 
Objective: Development of Ceramic Forming Polymer 


POSS-Polvmer Insulation - Advantages: 


• High loadings of POSS can be incorporated without embrittlement 

• Si to O ratio is 1:1.5, proven to oxidize up to 1:2 (Si02) 

• Tailorability of POSS monomers improve physical/mechanical 
properties 

• Capabilities for Large and Small scale testing (Hybrid Plastics) 






















POSS for Flame Retardant Materials 







Comparisons of POSS in EPDM 
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At 50 wt% loadings relative to a proprietary base-line material 


Hardness: 

15 %T 

no change 

17 %T 

Tensile: 

5%4 

27 % 4- 

1%4 

Elongation: 

no change 

no change 

no change 

Viscosity: 

35 % 4 ' 

21 %4 

36 % 4 

Density: 

15 %t 

3 % 4- 

12 %f 


In-House SRMInsulation Testing 


Objective: Low Cost/Low Volume Materials 
Screening for SRM Insulation 
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Nozzl 


C/cp 
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THICKNESS (In.) 


CHAR-063 ABLATION 

(T10 - EPDM/V g Tjj) 



STATION NUMBER 




















ABLATION HATE (mils/sec) 











Convergent Cone SRMInsulation Tests 


— EPDM Standard ;*>; 
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— 50% V8T8 fe 


| 0.20 




\^03 > *2L- Q.Q 1 


& s ' :':> ,'v;.. m"^, ^mrnrir 

. ;| f |g |||g| . -•' • ,■•■■■ - '■'■■: •• ■ ;: a 

’ Mach # 


Negative numbers represent formation of structural char 







POSS Blends - Miscibility 


50 wt % Phenethyl 8 T 8 in 2 million mol. wt. Polystyrene 



= Phcnethyl 



Catalytic hydrogenation of Styryl 8 T 8 
Demonstrated Complete Miscibility!! 
No POSS crystallites by SEM or X-ray!! 


Scale-up, incorporation and testing polymer systems 



i-PP/Me 8 T 8 Processing Studies 


Neat Polypropylene and Blended with POSS nano-fillers 








Load (Newtons) 


i-PP/Me 8 T 8 Processing Studies 

iso-Polypropylene w/ Me8T8 
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Prof. Andre Lee - Michigan State University 


Tensile 
Strength @ 
Yield; ASTM 
D638 

Flexural 
Modulus 
(0.05 in/min, 
1% secant); 
ASTM D790A 
HDT @ 66 psi, 
as injected; 
ASTM D648 

Impact Izod 
@25C 

ASTM D256A 


Dow data 

Neat /-PP 
(processed) 

/-PP blended 2 
wt% Methyl a T 8 

i-PP blended 5 
i wt% MethylgTg 

/-PP blended 
10 \vt% 
Methyl a T g 

5000 psi 
(34.5 MPa) 

4800 psi 
(33.0 MPa) 

5000 psi 
(34.5 MPa) 

5100 psi 
(35.1 MPa) 

5200 psi 
(35.8 MPa) 

240,000 psi 
(1.655 G Pa) 

235,000 psi 
(1.620 GPa) 

251,000 psi 
(1.730 GPa) 

255,000 psi 
(1.757 GPa) 

262,000 psi 
(1.80 GPa) 

210 B F 
(99 °C) 

210 "F 
(99 q C) 

221 “F 
(105 °C) 

239 "F 
(115 °C) 

255 °F 
(124 «C) 

0.5 ft-lb/in 

0.55 ft-lb/in 

0.55 ft-lb/in 

0.62 ft-lb/in 

0.75 ft-lb/in 


• The above data (other than Dow’s data) is an average of at least 10 
samples for each test with acceptable S.D. of 5% or better. 






















Shaw Industries i-PP/Me8T8 Fiber 



POSS-iPP Summary 

Prof. Ben Hsiao: S WAXS Studies 

1) Some evidence of molecular dispersion of POSS in iPP “ 
probably due to the favorable entropy of mixing between R (- 
CH 3 ) and the iPP chains 

2) Halftime of crystallization decreases by two orders of 
magnitude by flow (10 2 vs. 10's). The addition ofPOSS 
further reduced the crystallization time - an indication ot 
POSS being true molecular orientation enhancing agents (tea 
nanocomposites) 

3) In typical polymer processing, only the chains longer than M* 
can be oriented; chains shorter than M* remain unonented 
due to fast relaxation. The addition ofPOSS appears to 
reduce the value of M* - more studies are needed! 






Goal: Develop Multi-Functional, Space- 
Survivable Materials 



Satellites & Space Systems 


Bond 

Dissociation 
Energy ('EV') 

X (nm) 

Material 

-C 6 H 4 -C(=0> 

3.9 • 

320 

Kapton* 

C-N 

3.2 

390 

Kapton® 

CF 3 -CF 3 

4.3 

290 

FEP Teflon* 

cf 2 -f 

5.5 

230 

FEP Teflon® 

Si-0 

8.3 

150 

Nanocomposite 

Zr-0 

8.1 

150 

Nanocomposite 

Al-0 

5.3 

230 

Nanocomposite 


Objectives 

• Increase Space Resistance (AO, particle 
of Polymeric Materials by lOx 


& VUV radiation, thermal cycling) 


• Self-Passivating/Self-Rigidizing/Self-Heaiing based on nanocomposite 
incorporation 



K.K., Banks, B.A., J. Spacecraft and Rockets, Vol. 31, No. 4,656-664 (1994) 






















P0SS-pqhi^hS!Il£j^l£EEll^l 


0 It 

C—N~(CH 2 ) 6 'N C 0 ~POSS Cage 



° ? 

-O-C—N—(CH 2 ) 6 -N-C-f0-(CH 2 )4-0^ 


Soft Segment 


Hard Segment 

POSS-polymer im provements 

up ,o 300 -c increase In the nrell tmn.ition temper.,ur. trh.ologrcl studies sho» the 
transition from an oil to a true thermoplastic elastomer) 

Up to a 100 °C increase in T dec (29 wt% POSS, still TPE) 

Up to 10X increase in moduli (>400% elongation with no destruction of hard segments)) 
17% POSS incorporation —> 3X increase in Hardness (Shore A) 


XPS Survey p is 

42lUi 

V:- - --JU- 

OKW 


Si 2s ® ?P 

\ 


POSS Polyurethane 
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Binding Energy (eV) 

XPS Survey Spe.tr. from. « «% POSS-™ “ 


2-lir (c) 


M-hr aml fd) 63-hr exposure to the hyper,herma. AO flux, aud (e) 3.3-hr air exposure 
following the 63-hr exposure. 
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Summary 

. Successfully demonstrated multi-functionality of POSS utilizing 
both mechanical and physical properties 

. We are looking into multiple applications for inorganic particles both 
as blends and copolymers 

. Hybrid Plastics has been extremely successful in reducing the cost 
and increasing the production of POSS monomers 

. Only with continued development of POSS monomers can we hope to 
control/predict property enhancements 





